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I NTRO D U C TIO N
Improving the rate of successful treatment of out-of-hospital cardiac arrest is a challenge for medical staff. Many factors affect the quality of cardiopulmonary resuscitation (CPR), including quality of bystander CPR, (1) traffic conditions, timeliness of advanced life support, (2) body mass index (BMI) and physical fitness of CPR performers, (3) competency of rescue staff, and quality of the chest compressions performed. The stability of the environment in which CPR is performed plays a significant role in the quality of chest compression. This is important because continuous chest compression are frequently performed during the transport of patients. While the instability caused by changes in speed (during transport) is inevitable, this instability decreases the quality of chest compressions during transport. As such, the environment in a moving ambulance results in a lower percentage of chest compressions that achieve adequate depth, compared to chest compressions performed on an unmoving ground. (4) In this study, we introduce the use of a novel device, that was designed to minimise the adverse effects of changes in speed in a moving vehicle on the quality of chest compressions. We conducted a randomised experiment to evaluate the effectiveness of this device in improving the quality of chest compressions.
M E TH O DS
A randomised experiment was conducted to assess the effectiveness of the use of a novel device in improving the depth of chest compressions performed during CPR in a moving environment. Individuals who were not implementers in the experiment were assigned the tasks of grouping, design, data collection and analysis. The randomisation method, including sequence generation, allocation concealment and implementation, is detailed in the Appendix. We used the same route, timing, paramedics and ambulance driver for both the preliminary experiment and actual experiment.
Each simulation required two randomly selected paramedics (out of a total of eight paramedics) to perform CPR. In the experimental group, paramedics performed CPR with the aid of our proposed device, whereas in the control group, the paramedics performed CPR without the aid of the proposed device. A sample size of 40 ambulance trips was required to
Evaluation of a novel device that maintains the balance of a cardiopulmonary resuscitation performer in a moving ambulance to improve chest compression quality INTRODUCTION According to the findings of some studies, instability due to inertia during changes in speed may negatively impact the quality of chest compressions performed during cardiopulmonary resuscitation (CPR) in a moving environment. This study thus aimed to introduce a simple device that maintains the balance of a person performing CPR in a moving environment, such as an ambulance. We also sought to evaluate the effectiveness of this device in the improvement of the quality of chest compressions.
METHODS
The experiment comprised a total of 40 simulated cardiopulmonary arrest scenes (20 in the experimental group and 20 in the control), in which CPR was conducted by eight paramedics. Each simulation involved two paramedics randomly selected from the eight. The ambulance took the same route from the simulated site to the hospital, and continuous CPR was performed on a manikin in the ambulance with or without the aid of our proposed novel device.
detect a significant difference in the primary outcome between the experimental and control groups, with a power of 80%
and a significance level of 0.05.
The proposed novel device is made of stainless steel and has a rigid structure ( Data was assessed using independent sample t-test and presented as mean ± standard deviation when the data fit a normal distribution. Otherwise, data was assessed using independent sample and non-parametric tests, and presented as median (interquartile range). A p-value of < 0.05 was considered statistically significant.
RESUlTS
The biometric data of the paramedics are summarised in Table I . There were no significant differences in age, weight, The percentage of chest compressions that achieved adequate depth using the proposed novel device in the experimental group (72% ± 4%) was more than that achieved without the device in the control group (50% ± 3%). The difference in percentage of chest compressions that achieved adequate depth between the two groups was statistically significant (p < 0.0001).
D I SCU S S IO N
The provision of timely and effective chest compressions by a bystander or medical staff is a key element for patient survival during cardiac arrest, with the quality of chest compressions largely dependent on the depth achieved. (5) Animal studies have proven that mean aortic pressure, total systemic blood flow (6) and cardiac output (7) steadily increase with the depth of the chest compression. Additionally, a clinical study by
Kramer-Johansen et al demonstrated a close relationship between increased compression depth and increased shortterm survival. (8) In theory, it is not possible for a vehicle to drive smoothly at a high speed in the midst of heavy traffic or on an uneven road. In such situations, the inertia from changes in speed inevitably produces instability, making it difficult for CPR performers to balance themselves, thus adversely affecting the depth of chest compressions. Even a moving stretcher can have such an adverse effect. (9) In cases of such instability, those performing chest compressions are unable to control the direction, magnitude and even the point of applied force.
During chest compression, cardiac pumping is the dominant mechanism for generating forward blood flow, (10) 
Our current experiment evaluated the proposed novel device based on its ability to enhance the quality of chest compressions, using the reference value of > 5 cm for adequate depth as the standard to be compared against. Chest compression frequencies in both the experimental and control groups reached the standard of > 100 compressions/min. In the control group, the number of compressions per simulation was 1266.60, but the percentage of chest compressions that achieved adequate depth was only 50% (Table II) . This low percentage confirms present speculations that the quality of chest compressions is relatively substandard during transport, (13) and that the survival rates of patients with cardiac arrest who are given CPR while transported to a hospital remain poor. (14, 15) In the experimental group, the number of This experiment simulated real-life CPR. The ambulance driver was a pre-hospital care staff, and the paramedics were skilfully trained and adhered to the 2010 American Heart Association guidelines for CPR. (12) The microcomputer connected to the manikin was able to accurately measure the percentage of chest compressions that achieved adequate depth. With regard to practical application, our proposed novel device has a number of advantages such as simple fabrication, low cost, sturdiness, durability and ease of use. Futhermore, it does not require a power supply for use.
Although the present study has many strengths, it is not without limitations. One limitation is that the same paramedics may have been involved in both the experimental and control groups because of our randomisation process (refer to Appendix). Therefore, they could not be blinded to the presence of the device. Thus, if they recognised the device and realised the purpose of the experiment, the positive effect of the device might have been exaggerated, resulting in a false-positive result. Other limitations include the possible inconvenience of the device to paramedics during defibrillation.
Also, the microcomputer used was not able to measure the complete relaxation of the compressions and hands-off fraction.
In conclusion, our proposed novel device may increase the percentage of chest compressions that achieve adequate depth during CPR in a moving environment. It may also improve the quality of chest compressions by allowing for continuous chest compressions. However, a large randomised 
ACKN OWlEDG EM ENT S
We gratefully acknowledge the participation of the paramedics and ambulance driver, which made the present study possible. We also gratefully acknowledge Jiangtao Dong for providing writing assistance free of charge. We also thank Tao Cui for his contribution pertaining to data acquisition and Yonghong Liu for her contribution in drawing the device.
